Reducing the lethality and morbidity of leishmaniasis relies primarily on chemotherapeutic treatment. Currently, the clinically available drugs have significant shortcomings, including high toxicity, long therapeutic regimens, parenteral administration and high cost. miltefosine ® (Zentaris GmbH), an alkylphosphocoline, was introduced in the last decade as an alternative oral drug for the treatment of visceral leishmaniasis. It was initially developed as an anticancer agent that interferes with the apoptotic and sterol biosynthesis pathways (Oullette et al. 2004 , Paris et al. 2004 ). Both in vitro and in vivo studies have shown that miltefosine is active against Leishmania (Leishmania) donovani (Croft et al. 1996 , Le Fichoux et al. 1998 . Clinical trials in India have demonstrated a cure rate of 97% among patients treated for visceral leishmaniasis with oral miltefosine at a dose of 2.5 mg/Kg/day for four weeks (Sundar et al. 1998 , Bhattacharya et al. 2004 ). This drug has also been tested for the treatment of cutaneous leishmaniasis in South America. In Colombia, where Leishmania panamensis is prevalent, the efficacy of miltefosine was 91% compared to a cure rate of 38% in the placebo group. In Guatemala, where Leishmania (Viannia) braziliensis and Leishmania (Leishmania) mexicana are prevalent, a cure rate of 53% with miltefosine was observed (Soto et al. 2004) . miltefosine has also been successfully used for treating HIV-1 patients who presented with diffuse cutaneous leishmaniasis caused by Leishmania major (Schraner et al. 2005 ).
In addition to its efficacy in treating leishmaniasis, miltefosine is also the only drug with leishmanicidal activity that can be effectively administered orally. However, the side effects of vomiting and diarrhoea as well as the drugs documented hazards, including teratogenic effects in animals (Kaminsky 2002) and increased blood levels of transaminase, urea and creatinine (Fischer et al. 2001) , limit its overall use.
An important intrinsic variation in miltefosine susceptibility of Leishmania clinical isolates was observed for visceral leishmaniasis in Nepal and cutaneous leishmaniasis in Peru (Yardley et al. 2005) .
Knowledge of this intrinsic variation in the drug susceptibility of prevalent species of Leishmania may help define drug schedules in clinical trials that aim to evaluate the efficacy of miltefosine in different species. The present study evaluates the in vitro susceptibility of four medically important Leishmania species found in Brazil to miltefosine and compares the susceptibility of these species to that of L. (L.) donovani.
Materials and Methods
Drugs -miltefosine was a gift from Zentaris GmbH (USA). For the in vitro assays, stock solutions were prepared by diluting miltefosine in deionised water and the solutions were stored at -20ºC until use. Amphotericin B deoxycholate (AmB) (Cristalia ® -Produtos Químicos Farmacêuticos Ltda, Brazil) was used as an internal control at a concentration of 0.2 µg/mL. All subsequent dilutions for miltefosine and AmB were freshly made in Roswell Park memorial Institute (RPmI) 1640 media (Sigma-Aldrich, St. Louis, mO, USA). 
amazonensis and L. (V.) guyanensis were cultivated at 26ºC in Schneider's medium supplemented with 10% heatinactivated fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA), penicillin (100 U/mL) and streptomycin (100 µg/mL). L. (L.) braziliensis and L. (L.) donovani were cultivated at 26ºC in biphasic medium Novy, mcNeal and Nicolle/liver infusion tryptose supplemented with antibiotics penicillin (100 U/mL) and streptomycin (100 µg/mL) and 10% FBS. Amastigotelike forms were transformed from stationary phase promastigotes. Promastigotes were centrifuged (1,000 g for 10 min at 4ºC), resuspended in Schneider's medium and transformed into amastigote-like forms according to a previously established protocol Cytotoxicity test -The Alamar Blue™ micromethod was used to estimate the 50% cytotoxicity concentration (CC 50 ) of miltefosine in macrophages. Briefly, peritoneal macrophages from Balb/c mice were harvested and washed by centrifugation with ice-cold RPmI 1640 medium. The macrophages were resuspended at a density of 1 x 10 6 cells/mL. Aliquots of 100 µL were plated in 96-well tissue culture plates at a cellular density of 1 x 10 5 macrophages/well. The cells were allowed to adhere to the culture plates overnight at 37ºC with 5% CO 2 . The macrophages were incubated with a 10 point standard curve using two-fold serial dilutions of miltefosine with concentrations between 0.05 µg/mL and 1000 µg/mL (0.012 µm and 2453.51 µm). After 68 h of incubation, 10 µL of Alamar Blue™ was added to each well and the plates were further incubated for an additional 4 h.
The absorbance of 570 and 600 nm were measured simultaneously. The optical density at 570 and 600 nm was read with a 96-well scanner (Spectra max m). Three independent experiments were performed in triplicate to determine the CC 50 of miltefosine. The optical density in the absence of the drug was set as the 100% control value. The selectivity index (SI) was determined based on the equation CC 50 /inhibitory concentration (IC 50 ) as described by Weninger et al. (2001) .
Amastigote-macrophage assay -Balb/c mice were injected intraperitoneally with 1.5 mL of a 3% thioglycolate medium (Biobrás, Brazil). After 72 h, the peritoneal macrophages were harvested and washed with cold RPmI 1640 medium. The macrophages were then counted, centrifuged and resuspended at a concentration of 4 x 10 5 cells/mL in RPmI-1640 medium without supplementation. Sterile round glass coverslips (13 mm) were placed in 24-well culture plates. In each well, 500 µL of the macrophage solution was allowed to attach to the coverslips for 2 h at 37ºC in 5% CO 2 . The medium was then discarded and replaced with 500 µL of fresh RPmI medium containing 10% FBS, penicillin (50 U/mL) and streptomycin (50 µg/mL) at 37ºC.
On the following day, a suspension of 4 x 10 6 amas-
) donovani promastigote forms at stationary phase were added to each well in 500 µL of RPmI with a final macrophage to parasite ratio of 1:10. The plates were incubated for 4 h at 37ºC in 5% CO 2 . The medium was then aspirated to remove free-floating parasites. Fresh RPmI (1 mL . AmB (0.2 µg/mL) and fresh medium without drug were also added to separate triplicate wells. After 72 h incubation at 37ºC in 5% CO 2 , the medium was aspirated and the coverslips were removed, air-dried and glued to microscope slides. Following staining with Giemsa, the cells were counted. The assay results were analysed if at least 80% of the macrophages in the control wells were infected. Three independent experiments in triplicate were performed for each drug concentration to determine the miltefosine efficacy. The results were presented as the ratio of infection (number of amastigotes) between the treated and non-treated macrophage cultures. The results were expressed as inhibitory concentrations (IC 50 and IC 90 ). The animals used in this study were handled according to local and federal regulations and the research protocols were approved by the Fiocruz Committee on Animal Research (Protocol P-321/06, license L-0024/8).
Data analysis -The statistical analysis was performed using mINITAB V. 13.1 or GraphPad Prism 4 (GraphPad Software, San Diego, CA, USA). The activities of miltefosine among the Leishmania species were compared using an analysis of variance and p value ≤ 0.05 was considered to be significant. The IC 50 , IC 90 and CC 50 were calculated using linear regression analysis or interpolation (miniTab 13.0 or microsoft Office Excel 2003) (Huber & Koella 1993) . Linear regression was used when the distribution was normal (parametric method) and linear interpolation was applied when the distribution was not normal (non-parametric).
results and discussion
The activity of miltefosine against the five Leishmania species is shown in Table. No statistically significant differences were observed between the IC 50 values de- The discrepancies between our data and these previous results may be attributed to different parasite isolates, test conditions or culture media, which are all known to affect parasitic infectivity and survival (Dey et al. 2002) .
The IC 50 and IC 90 for L. (L.) donovani were 0.09 µg/mL (0.22 µm) and 0.21 µg/mL (0.52 µm), respectively. These values are consistent with the published data that demonstrated an effective dose for the in vitro susceptibility of L. (L.) donovani clinical isolates to miltefosine ranging from 0.04 µg/mL-8.7 µg/mL (1.2 mm-4.6 mm) (Escobar et al. 2002) The CC 50 of miltefosine against macrophages was 37.8 µg/mL (92.7 µm). A ratio of cytotoxicity to biological activity (CC 50 /IC 50 ) was used to determine the SI of miltefosine (Table) . According to Weninger et al. (2001) , the biological efficacy of the tested drug is not attributable to cytotoxicity when SI ≥ 10.
Parasite and host factors may determine the clinical outcome of a new drug treatment. Among the parasite factors, the inter-species intrinsic variation in drug sensitivity can be estimated by simple in vitro studies to design dose-defining clinical assays. miltefosine was first tested against visceral leishmaniasis caused by L. (L.) donovani in India. According to the results of this study, one might expect that higher doses of miltefosine would be needed to treat patients infected with L. (L.) chagasi or the other species that are prevalent in Brazil. 
